Introduction
Dietary phytase is recognized as an important feed additive used to facilitate phosphorus (P) utilization in the monogastric animals by means of phytate P utilization, and microbial or plant origins (Türk et al. 2000) are used. The former is a commercially available enzyme and is used practically, but there is a disadvantage in the energy input for production and the cost of the product (Han et al. 1998) . In contrast, the latter is considered a less labor intensive and environmentally-friendly method: all that is necessary is to include feed ingredients showing high phytase activity such as, barley, triticale and wheat, into diets. These cereals, however, may not be very suitable due to the presence of high levels of β-glucans (Havrlentová and Kraic, 2006) , which are indigestible polysaccharides.
We tried to use buckwheat as a feed ingredient containing phytase in our previous study with broilers because it is a glucan-free pseudocereal containing high phytase activity.
Nevertheless, we found that birds showed a normal growth performance and bone quality when germinated buckwheat was added at a 20% concentration in non-phytate P deficient diet. In the experiment, a diet of 470 units of buckwheat phytase per kg was equivalent to 0.10% of non-phytate P (Chowdhury and Koh, 2018a) . Considering practical use of buckwheat in chicken diets, experiments with laying hens should be made essential as the efficiency of phytate utilization varied between laying hens and broilers (Saitoh, 2001; Edwards Jr.,1982; Nelson, 1976) .
Therefore, the aim of this study was to measure the production performance, egg quality and P balance of laying hens given non-phytate P deficient diets with buckwheat, and discuss the efficacy of buckwheat phytase at improving P availability in laying hens, especially in comparison with our previous report with broilers.
Materials and Methods
This experiment was conducted in accordance with the guidelines for the regulation of animal experimentation of Shinshu University, Japan.
Germination of Buckwheat
Seeds of buckwheat (Shinano No. 1 variety) with high phytase activity were purchased commercially and some of seeds were germinated as explained in Chowdhury and Koh, 2018a. Both non-germinated (BU) and germinated seeds (GBU) were ground to pass through a 1.0-mm aperture, and approximately 93% of the hulls were removed by sieving them. Ground BU and GBU were maintained at room temperature till analysis (Table 1) .
Hens, Diets, and Sampling
Fifty six Lohmann LSL-Lite, laying hens (46 week of age) were divided into eight groups (seven hens each) with similar body weight (BW) and reared in individual cages under a 16L:8D light condition. Hens were allocated to one of the eight experimental diets: a positive control (PC), formulated to meet or exceed the nutrients recommended by NRC (1994), a negative control (NC), containing 0.16% less non-phytate P than the PC diet, and six other diets with 10%, 15%, and 20% of BU or GBU in the NC diet using maize (Table   2) . Diets with 2,988 kcal/kg ME, 17.8% CP, and 3.62% calcium were given for six weeks: the first week was allocated to acclimatization, and the subsequent five weeks for data collection. Feed and water were provided ad libitum. Excreta were collected, and immediately stored at -20 C. Excreta of each hen were pooled for the three days of collection. Frozen excreta samples were then thawed, homogenized, dried, and ground before analysis.
Production Performance and Egg Quality
Egg production and feed intake (FI) were recorded daily. Egg production was calculated on a hen per day basis, and egg mass was calculated from collected data of egg production and egg weight, using the equation: egg mass (g/hen) = (egg production × egg weight)/ period (day). Feed conversion ratio (FCR) was calculated as the ratio of grams of feed consumed per grams of egg mass. Eggs were analyzed every day to determine egg quality (egg weight, specific gravity, Haugh unit, and albumen height), and eggshell quality (shell breaking strength, shell weight, and shell thickness). Specific gravity was determined using a graded series of saline solutions varying in specific gravity from 1.060 to 1.146.
Egg weight, eggshell breaking strength, Haugh unit, albumen height, and yolk color were measured using Digital Egg Tester (Nabel Co., Ltd., Kyoto, Japan). Eggshell was weighed after drying at 100 °C for 2 h, and thickness was measured using a micrometer (PK-1012CPX, Mitutoyo Corporation, Kanagawa, Japan).
Chemical and Statistical Analysis
Samples of BU, GBU, diets, and excreta were analyzed for proximate composition following the standard methods (AOAC, 1990) . Total P and phytate P were measured according to ISO (1998) and Haug and Lantzsch (1983) , respectively: non-phytate P was calculated by subtracting the phytate P from total P. Retention of total P and nitrogen was the amount of these retained per hen per day, which was calculated based on their availability and feed intake (Um and Paik, 1999).
Phytase activity was measured following the method described by Eeckhout and De Paepe (1994) . Briefly, 100 mg of finely ground dried sample was mixed with a Na-phytate solution buffered with acetate at pH 5.5, and then the phosphate ion liberated from phytate was measured colorimetrically. The phytase unit (PU) was defined as the amount of phytase activity which liberated inorganic P from a 0.0015 M Na-phytate solution, at a rate of 1 µmol per min at pH 5.5 and 37 °C.
Statistical significances were determined using Tukey's multiple comparison tests at a significance level of 5% following a one-way ANOVA (SAS Institute, 2015) . In addition, a two-way ANOVA was conducted to test the main effects of germination and concentration, and the interaction between them (by omitting the PC and NC groups).
Moreover, a linear regression analysis was conducted to obtain the equations relating phytase concentration in diets with response (hen-day egg production, FI, and eggshell breaking strength), using the SAS statistical package. The linear regression model used was:
where 'Y' is the response criterion, 'a' is the 'Y' intercept, 'b' is the slope of the response criterion and 'X' is the concentration of phytase (PU/kg diet) from BU or GBU (calculated values were used). (Table 3) Hen-day egg production in the PC group was about 99%, which decreased (P<0.05) to 93% in the NC group, but was restored by the addition of at least 15% BU and 10% GBU.
Results

Production Performances
Although FI decreased (P<0.05) in the NC and 10% BU groups, the FI of the other groups were similar to (P>0.05) that of the PC group. Egg weight and egg mass showed a similar trend as FI, except that the 10% BU group showed a restored value, whereas FCR was almost similar in all groups. The degree of restoration was greater in GBU groups than in BU groups, in all parameters. Significant differences in FI and egg mass were found for the main effects of germination and concentration, whereas, in hen-day egg production they were only found for the main effect of concentration. No significant differences in egg weight and FCR were observed for both main effects.
Egg Quality (Table 4)
Egg specific gravity ranged from 1.126 to 1.129, and yolk color from 10.0 to 10.4, and did not significantly vary among the dietary groups (data not shown). Moreover, Haugh unit and albumen height were almost similar in all dietary groups. Eggshell quality, such as shell breaking strength and shell weight were deteriorated in the NC group (P<0.05), and the deteriorated values were restored dose-dependently by the addition of BU and GBU in diets. Although eggshell thickness decreased (P<0.05) in the NC and 10% BU groups, in other groups it did not differ (P>0.05) from that of the PC group. Significant differences in shell breaking strength, shell weight, and shell thickness were found for the main effects of germination and concentration, whereas, no significant differences in Haugh unit and albumen height were observed at germination and concentration.
Balance of Total P and Nitrogen (Table 5)
Total P intake varied (P<0.05) between the PC and other groups because of the varied dietary level of P, whereas, the variation among the groups, except PC, was due to the varied FI. Excretion of total P decreased considerably in 20% BU, 15% GBU and 20% GBU groups and concomitantly, retention of total P increased (P<0.05) in these groups compared to the NC group. In this study, all the diets were isonitrogenous, therefore, the decreased (P<0.05) nitrogen intake in the NC and 10% BU groups was because of the lower FI, which resulted in lower (P<0.05) retention of nitrogen in those groups.
Significant differences in the excretion of total P and nitrogen were found at different concentrations, whereas, both germination and concentration significantly affected the retention of total P and nitrogen.
Discussion
So far, a lot of research on dietary microbial phytase has found that this enzyme restores impaired production performance in laying hens which are on non-phytate P deficient diets (Hughes et al. 2008; Panda et al. 2005) ; moreover, it was reported that a 250 PU/kg diet was equivalent to around 0.10% non-phytate P in laying hens (Van Der Klis et al. 1997 ).
However, research on dietary plant phytase remains limited. Scott et al. (2000) suggested that wheat phytase degraded phytate P in diets and improved phytate P utilization in laying hens, although phytase units equivalent to 0.10% non-phytate P was not shown in this report.
In this study, impaired production performance (hen-day egg production, FI, egg weight, and egg mass) and eggshell quality (shell breaking strength, shell weight, and shell thickness), in the NC group were restored by the addition of at least 15% of BU and 10% GBU to NC diet. Furthermore, excretion of P decreased in laying hens by 35% to 43% in BU and GBU added groups, compared with the PC group, and led to higher retention of total P in 20% BU, 15% GBU and 20% GBU groups. This may be explained by the increased availability of P from phytate P by the activity of buckwheat phytase. When expressing the effect of buckwheat phytase as the amount of non-phytate P, linear relationships between the phytase concentration and economically important parameters, such as hen-day egg production, FI, and eggshell strength, were determined, resulting in the following regression equations: , and X = buckwheat phytase (PU/kg diet).
All the regression equations were significant (P<0.05), except for that of FI (P=0.0942).
Consequently, the concentration of phytase required to obtain the same hen-day egg production, FI, and eggshell strength in the PC group were calculated to be 545, 340 and 395 PU/kg diet, respectively. Taking the hen-day egg production as the most important parameter, 545 PU/kg diet should be included in the NC diet formulated based on the NRC requirement, and therefore, 340 PU/kg diet of buckwheat phytase may be equivalent to 0.10% non-phytate P. This value is 1.4 times greater than that of microbial phytase (derived Saitoh (2001) reported that the efficiency of phytate utilization was better in broilers than in laying hens. In our previous study in which buckwheat diets were fed to broilers, 470 PU/kg diet of buckwheat phytase was equivalent to 0.10% non-phytate P in broilers (Chowdhury and Koh, 2018a), which is greater than the corresponding value in this study, and phytase activity in buckwheat used in this study was similar to that used in our previous broiler study (Chowdhury and Koh, 2018a) . Consequently, efficiency of phytate utilization was more in laying hens than broilers, at least when buckwheat phytase was used.
The reason why the phytase efficacy differed between chicken strains is still obscure, and the main site of phytate P degradation needs to be identified. The intestine may not be the site, because, to our knowledge, there are no reports showing that the chicken intestine contributes to phytate degradation. Furthermore, intestinal phytase activity is often diminished as having little importance on phytate degradation (Humer et al. 2015) , although phytase activity in the small intestine of laying hens was 35% higher than in broilers (Maenz and Classen, 1998) . On the other hand, the crop is promising because high phytase activity was measured in it in several reports (Chowdhury and Koh, 2018b; Takemasa et al. 1996; Takemasa and Murakami, 1995) . Interestingly, Shires et al. (1987) observed a slower rate of feed passages in the crop and esophagus in laying hens than in broilers.
In this study, nitrogen retention was lower in the NC group than the PC group, and recovered with increasing concentration of BU and GBU dose-dependently: the magnitude of recovery was greater in GBU then in BU. This trend was in accordance with the results of egg weight and egg mass, both of which may need nitrogen to increase their values (Novak et al. 2006; Bunchasak et al. 2005; Keshavarz and Nakajima, 1995) . The changes in nitrogen retention may be explained mainly by changes in nitrogen intake because there was no statistical difference in nitrogen excretion among the groups. Interestingly, in our previous study, the nitrogen retention of broilers that received non-phytate P deficient diets containing BU and GBU, showed similar trend to that in this study, but the mechanism was somewhat different: nitrogen excretion differed significantly among groups, but nitrogen intake was almost similar in all groups (Chowdhury and Koh, 2018a) . This suggests that there is a difference in the response of nitrogen balance to non-phytate P deficiency between laying hens and broilers.
Thus, it was clarified that dietary buckwheat restored the impaired production performance and eggshell quality caused by the non-phytate P deficiency, and improved total P retention in laying hens. In addition, it was suggested that the buckwheat phytase was somewhat less effective than microbial phytase and laying hens require less phytase than broilers to cope with non-phytate P deficiency.
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